Purpose of this study was to evaluate the influence of a lotion on the bacterial community in the human forearm skin. The chemical-and natural-based lotions were applied on the left and right inner forearm skins, respectively, of 14 participants, who cleansed forearm skin using sterilized cotton swabs. The germs on cotton swabs were analyzed using libraries of PCR amplicons. The genetic diversity of the bacterial communities detected on the natural-based lotion-applied skin (NLS) was significantly higher than that of the bacterial communities on the chemical-based lotion-applied skin (CLS) in all participants, except two. The diversity was estimated based on operational taxonomic unit (OTU), Chao1, Shannon, and Simpson indices. Bacterial communities obtained from the CLS and NLS were phylogenetically separated into 5 and 3 monophyletic groups, respectively, based on lotion types. The taxonomic distribution of the bacterial communities, which were composed of 198 genera in 14 phyla in the CLS and NLS, respectively, was irregularly and biasedly separated into 2 groups based on the lotion types. Among the 14 phyla, Proteobacteria, Firmicutes, Bacteroidetes, and Actinobacteria were found to be relatively dominant, and 15 of the 198 genera, including Methylobacterium, Propionibacterium, Pseudomonas, Staphylococcus, Streptococcus, and Bacillus were relatively dominant (>0.5%). The taxonomic distribution of dominant bacterial communities from CLS and NLS was irregularly and biasedly separated without relation to the lotion types. In conclusion, the chemical-and natural-based lotions were responsible for changing or influencing the genetic diversity, phylogenetic separation, and taxonomic distribution of skin bacterial communities.
INTRODUCTION
The human skin acts as a physical barrier to retain moisture and to prevent infection by pathogens and contamination by harmful chemicals (1) . The bacterial flora that reside on the superficial layer of the human epidermis and the upper parts of hair follicles is known to comprise bacterial species belonging to the phyla Corynebacterineae, Propionibacteriaceae, Micrococcineae, Bacteroidetes, Cyanobacteria, Firmicutes, Staphylococcaceae, and Proteobacteria (2) . Skin flora are usually not pathogenic, and are either not harmful to the host (commensalism) or offer a benefit to the host (mutualism). The beneficial bacteria ecologically prevent transient pathogenic organisms from colonizing the skin surface by competing for nutrients, secreting chemical antagonists, 41 42 DH Park or stimulating the skin immune system (3, 4) . Pseudomonas aeruginosa is an example of a mutualistic bacterium that can turn into a pathogen and cause a disease if its population density on the skin surface increased (5, 6) . The organic and inorganic compounds present in eccrine, apocrine, sebum, and dead corneum cells may act as sources of nutrition for microorganisms that inhabit or contaminate the human skin, and can cause the generation of microbial colonies on the skin surface (7) . Bacterial colonies generated on the skin surface may cause the development of biofilms. Biofilms of Staphylococcus aureus and Pseudomonas aeruginosa have been known to produce a signaling molecule (8, 9) . Excessive increase in the biofilms of some bacterial species could cause the expression of a number of virulence genes that convert nonpathogen into pathogen (10, 11) . However, routine washing or cleaning of the skin has been reported to impede this bacterial colonization (12) .
Generally, the civilized human who removes excretions and dead corneum cells using detergents, alternatively applies chemical-or natural-based cosmetics (creams and lotions) to prevent moisture evaporation and maintain skin condition. Chemical-based cosmetics that contain relatively more chemicals than bio-compounds may impede microbial growth and extend its shelf-life (13) . Natural-based cosmetics that contain relatively more bio-compounds than chemicals are known to have specific functions such as moisture maintenance, wrinkle suppression, melanogenesis inhibition, and antioxidation (14) . Removal of secretions and corneum cells from human skin by the application of chemical-based lotions could inhibit the development of biofilms and the increase in bacterial density (15) . However, the application of naturalbased cosmetics could provide better nutritional conditions for the growth of microorganisms (16) .
Aging causes the drying of skin surface, change in the skin structure due to decrease in lipid content, and weakening of the skin barrier function, by which the skin becomes more susceptible to infection (17, 18) . Age-dependent drying of the corneum also impairs the barrier function by increasing the epidermal proliferation and altering the epidermal structure (19, 20) . In order to control for these factors, all the participants in this study were young adults in their early twenties.
The purpose of this study was to evaluate the variations of the skin bacterial communities caused by the application of chemical-and natural-based lotions. Some ingredients of cosmetics (lotions) cause some of skin bacteria to be proliferated or suppressed, by which harmful bacteria or beneficial bacteria for skin health can be increased or decreased. Interests of general peoples for the cosmetics are focused on the effect for beauty care rather than skin health. However, scholarly interest for cosmetics is required to seek the skin health. In order to monitor the bacteria influencing skin health, the skin bacterial communities are required to be metagenomically profiled. For this, the genetic diversity, phylogenetic separation, and taxonomic composition of the bacterial communities detected from the lotion-applied skin surfaces were metagenomically profiled.
MATERIALS AND METHODS

Lotion type
Both chemical-based and natural-based lotions produced by the domestic companies that are The Face Shop and Cell Trion, respectively, were purchased from cosmetic shops.
Ingredients present in the chemical-based lotion comprised 27 chemical or chemically semi-synthesized compounds and 5 bio-compounds, while those in the natural-based lotion composed of 25 bio-compounds and 22 chemical or chemically semi-synthesized compounds, as shown in Table 1 .
Experimental participants
All the participants in this study were 21-24-year old women, who had been using face lotion, body lotion, or hand creams that were chemical-or natural-based for at least 10 years. Fourteen of the participants had used both the lotions before and had not experienced any skin trouble.
The participants were free to use the 2 lotions on any part of their bodies, but were instructed to apply the chemicalbased lotion on the left inner forearm skin and the naturalbased lotion on the right inner forearm skin daily for 15 days during winter season from December to February. This study was a subject to the review exemption by the institutional bioethics committee, which was confirmed by the responsible Fig. 2 . Bacterial communities from the CLS were separated into 5 monophyletic groups (1, 2, 3, 6, and 8) and 3 out-groups (6L, 9L, and 12L), and those from the NLS were separated into 3 monophyletic groups (4, 5, and 7) and 5 out-groups (1R, 2R, 4R, 11R, and 7R). The bacterial communities detected in the CLS and NLS were not distributed into the same monophyletic groups without exception. The bacterial communities other than those in the monophyletic group were distributed into the out-groups without any interrelationship. The out-group 9L was more related to the monophyletic groups 1 and 2, as it consisted of more bacterial communities in these groups than group 3.
Application of lotions and cleansing
Similarly, the out-group 11R was more related to the monophyletic groups 4 and 5, as it consisted of more bacterial communities detected from these groups than group 6. The out-groups 12L, 2R, and 7R were more related to the cluster consisting of the monophyletic groups 1 to 6 than to the and Corynebacterium (0.6%) were higher than 0.5% (Fig. 5 ). Figure 4 . The average occupation rates of the relatively dominant genera (>0.5%) were quantitatively represented in parentheses.
DISCUSSION
The susceptibility of the human skin for being colonized by bacteria is determined by physical factors such as moisture, temperature, immune status, and excretions, as well as environmental factors such as seasonal variations, light exposure, washing frequency, and cosmetic use (24, 25) . The relatively higher temperature and moisture in regions such as the axilla, perineum, and toe webs allows these regions to harbor more microorganisms than the relatively lower temperature and the drier conditions in regions such as the inner forearm, legs, and trunk (26) . Nevertheless, the diversity (198 genera from 14 phyla) of bacterial communities detected in the forearm was not significantly lower than that in other regions of the skin; this may be related to the frequency of washes and the thickness of clothing used in the winter seasons (27) . A number of factors thus cause the bacterial habitats on human skin to be widely distributed, which influences the diversity and distribution of skin bacterial communities, including those of the opportunistic pathogens (28) . Generally, skin bacteria depend on excretions (sebum, eccrine, apocrine) and dead corneum tissues and are periodically removed along with excretions from the skin, which is dependent on the washing frequency of the host (29) .
However, skin excretions and washing cannot completely eliminate bacteria from skin. Therefore, personal habits of washing and use of cosmetics may be factors that influence the diversity and distribution of skin bacterial communities (24, 30, 31) . In particular, natural-based cosmetics that contain bio-compounds (plant extracts, oils, amino acids, carbohydrate derivatives, vitamins, and organic acids) ( Table 1) could mix with the excretions to provide improved sources of nutrition for skin bacteria (15, 32) . Therefore, the bio-compounds that were present in the natural-based lotion would have to be a better source of nutrition for bacterial growth than those in the chemicalbased lotion ( Table 1) Table 2 ). This reversed richness and diversity indices are assumed to be caused by the opportunistic or temporarily variation of CLS or NLS condition or both CLS and NLS. However, the taxonomic distribution of the bacterial communities may not be proportional to the genetic diversity and the phylogenetic differentiation, because the physical conditions of the 14 participants would not be physiologically identical (36, 37 Conclusively, the taxonomic composition and the richness and diversity of skin bacteria were not significantly in-fluenced by the lotion types but might be independently varied considering the physiological character of participants. However, differences of lotions' ingredients may be one of various factors to influence variation of bacterial communities because lotion is one of the most general cosmetics that is most generally applied by general peoples.
